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INTRODUCTION 
 
Formaldehyde (CH2O) is an organic compound that is abundant in environment. It 
exist as a pungent gas under normal room temperature. It is readily soluble in solvents like 
water, ethanol and diethyl ether. 37%aqueous solution is termed as formalin that finds its use 
as tissue fixative and preservative of human cadavers in anatomy. 
1 
 
The mean background natural environmental and conventional indoor concentration 
of formaldehyde is 0.5µg/m3 , 25-60µg/m3 respectively.
1
Meanwhile, exposure to 1mg/m3 
accounts to high concentration under occupational environment. 2Human senses can detect 
formaldehyde levels between 0.1 and 0.5 parts per million. 0.1 to 0.5ppm can cause eye 
irritation and above 1ppm can irritate nose and throat. 
 
Acute exposure to high concentration of formaldehyde has been documented to 
produce sensory and eye irritation, increased resistance to breathing in experimental animals. 
Nasal epithelial damage has been reported as major effect of sub-acute exposure. Nasal 
epithelial alterations ranging from dysplasia to metaplasia has been documented with 
repeated chronic exposure to formaldehyde in experimental animals.
1, 2
  
 
Literature report exist on dose related adverse effects of formaldehyde upon human 
beings. The acute exposure affects mucosa resulting in mild manifestations like dryness of 
skin, dermatitis, excessive lacrimation, sneezing, and cough to severe manifestations like 
laryngospasm and pulmonary edema 
3
 while, formaldehyde concentration in excess of 
0.12mg/m3 was observed to increase the risk of allergic asthma. 
4
Airway mucosal irritation, 
inflammation and hyperplastic changes, neurasthenia 
5
, abnormality in pulmonary function, 
6
decreased blood cell count 
7
and menstrual disturbance in women 
8, 9 
were important effects 
of chronic occupational formaldehyde exposure.  
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Studies have reported genotoxic effects of chronic formaldehyde exposure ranging 
from Micronuclei (MNi) to chromosomal aberrations in peripheral lymphocytes of persons 
exposed to formalin chronically for over 10 years. 
10, 11, 12,13,14,15 
 
Formaldehyde has been shown to exhibit carcinogenicity in experimental rodents 
irrespective of the route of entry. 
16
 In humans, studies have revealed that chronic exposure to 
formaldehyde results in an increased risk for nasopharyngeal carcinoma.
17, 18,19,20,21
 A study 
showed directly proportional relation between duration of formaldehyde exposure to risk of 
mortality from myeloid leukemia.
 19 
 
 Formaldehyde stands to be classified as carcinogen under group 1 category by  The 
international agency for research on cancer (IARC) in 2009 as causative factor for 
nasopharyngeal  tumors. 
22
Yet, IRAC confirmed no significant role to formaldehyde 
exposure in leukemia. But IRAC provided a strong causative evidence for 
lymphohaematopoeitic malignancies and formaldehyde exposure
. 23, 24 
 
Based on these many health hazards reported due to interaction between 
formaldehyde and human beings, in 2010, The world health organization (WHO) developed 
an indoor air guideline value. The guideline value being 0.1mg/m3 that should not be 
exceeding 30 minute’s period in a day. But, the exposure levels and duration of exposure per 
day for personnel working in anatomy and pathology laboratories are found to be way high 
often exceeding the 0.5mg/m3 limit making it a serious health concern.
 25
There is lacuna in 
our understanding of effects of formaldehyde exposure upon the medical personnel working 
in anatomy department in our country.  
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AIMS AND OBJECTIVES 
 
AIM 
 To analyze the effects of chronic formaldehyde exposure in nasal mucosal cytology, 
hematological parameters and peripheral blood lymphocytic cells among medical 
professionals and /or personals who are exposure to formaldehyde occupationally. 
 
OBJECTIVES 
1. To observe the cytological changes in nasal mucosa and to relate any changes with the 
extent of formaldehyde exposure in medical personnel having chronic occupational 
exposure. 
2. To identify the changes in count of blood cells and to correlate it with duration of 
formaldehyde exposure in medical personnel having chronic occupational exposure. 
3. To identify the nuclear changes occurring in cultured peripheral lymphocytes and to 
correlate such changes with the duration of formaldehyde exposure in medical 
personnel having chronic occupational exposure. 
4. To find out chromosomal changes in those persons who showed nuclear changes due 
to chronic occupational formaldehyde exposure. 
5. To tabulate the findings, analyze and deduce the effects of chronic formaldehyde 
exposure in medical personnel. 
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REVIEW OF LITERATURE 
 
REVIEW OF LITERATURE ABOUT HISTORY OF FORMALDEHYDE 
 Formaldehyde was first synthesized by Alexander Buterlow in 1859. 
26, 27 
Medical 
applications of this compound were discovered between 1880 and 1890and its anti-septic 
property being first found out. 
28 
In 1892 the French scholar jean Auguste Trillat observed 
that formaldehyde had the capacity to harden soft tissues and trigger coagulation. 
29
 Further 
experimentation lead to its use in anatomical and histological preparations. 
30 
 
By 1896 a German physician and biologist Ferdinand Blum found out that 
formaldehyde maintains the color and shape of the tissues without affecting the microscopic 
structure of the preparations.
31, 32  
The use of formalin in anatomy and histology laboratories 
gradually increased. Formalin also became an essential ingredient of embalming fluid. Before 
the end of 19
th
century formaldehyde had mostly replaced alcohol as the main ingredient in 
anatomical and histological preparation techniques. 
33, 34 
 
Report on ranking of production of Carcinogens by USA government, formaldehyde 
stands 25
th
 with 5 million production per year. Annually this compound shows a huge 
increase in its production around 21 million tons with china ranking first in production and 
use of this formaldehyde. Because of its easy availability and excessive use in various 
industries the exposure to this compound in present years has been on rise especially in 
European countries and china as per the data of the International Information System on 
Occupational Exposure to Carcinogens (CAREX). 
35, 36, 37 
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REVIEW OF LITERATURE ABOUT PHYSICAL AND CHEMICAL PROPERTIES 
OF FORMALDEHYDE  
 
 The general information and specific physical and chemical property of formaldehye 
has been tabulated. 
38, 39
 (Table: 1, Table: 2)  
 
Table: 1 chemical identity of formaldehyde 
Characteristic Information 
Chemical name Formaldehyde 
Synonym(s) 
 
Formic aldehyde, methanal, methyl 
aldehyde, methylene oxide 
Registered trade name(s) 
For 37% aqueous solution a 
For polymeric form b 
Formalin, Formol, Morbicid, Veracur 
Paraformaldehyde, Polyoxymethylene, 
Paraform, Formagene 
Chemical formula CH2O and highly reactive 
Chemical structure 
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Table: 2 Physical and chemical properties of formaldehyde 
Property Information 
Molecular weight 30.03 
color Colourless 
Physical state Gas 
Odor 
Pungent, suffocating odor; highly irritating 
odor 
Solubility: 
 
1. Freshwater at 20 EC 
 
 
 
 
2. Saltwater at 25 EC 
 
3. Organic solvent(s) 
 
 
Very soluble; up to 55% and usually transported 
as aqueous solution stabilized by methanol 
/methyl/ethyl cellulose. By weight, formalin 
contains 37percent of formaldehyde and 6 to 15 
percent of methanol 
 
No data 
Ether, alcohol, acetone, benzene 
 
REVIEW OF LITERATURE REGARDING EFFECTS OF FORMALDEHYDE ON 
NASAL MUCOSA IN ANIMALS AND HUMAN BEINGS 
The Moist nasal environment had been demonstrated to retain almost 90-95% of 
inhaled formaldehyde and rest 5% alone was observed to reach the lower airways in animals 
like dogs, mouse.
40,41
Recent advances in fluid dynamics found similar nasal uptake of 
formaldehyde up to 90% even in children and adults. 42 
 
The property of water solubility exhibited by formaldehyde had been shown to be the 
reason for such rapid absorption and metabolism in respiratory mucosa where more than 90% 
had been metabolized to formate. 
43
Cross links of DNA proteins were the pathological 
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observation noted in respiratory cells in animals with increasing concentrations of 
formaldehyde exposure. 
44, 45, 46 
 
The exposure between 0.15 to 1.25 mg/m
3
 had been shown to result in triggering 
trigeminal nerve ending causing irritation and unpleasantness in eyes and nose. 
47, 48, 49
 Nasal 
mucosal malignancy due to formaldehyde exposure was observed to be squamous cell 
carcinoma in rodents as well as in different species. The NOAEL (no absorbed adverse effect 
level) for squamous cell carcinoma in rodents was measured to be 2.5mg/m3 
9, 16 
 
Exposure of fischer rats to differing concentrations of formaldehyde like 0, 2.5, 
7,18mg/m3for a period of two years, five days a week with 6 hours each day and were 
followed for 6 months post exposure. Those rats that died in that period were subjected to 
gross pathological and histo pathological study and compared with control group. The study 
observed increased mortality rate among exposed group that was directly proportional to the 
concentration of formaldehyde. The nasal mucosa and proximal trachea were found to show 
pathological lesions like increased cellular proliferation, dysplasia and metaplasia depending 
on concentration of formaldehyde exposure. This study proved that screening nasal mucosal 
cellular changes can be effective method for assessing the carcinogenic risk of formaldehyde. 
50 
Another exposure study in fischer rats and mice was found to result in squamous cell 
carcinoma of nasal passage in rats more frequently than mice. Others forms of metaplasia like 
nasal adenocarcinoma, carcinosarcoma, polypoid adenomas of nasal mucosa were also noted 
in few rats. Apart from these metaplastic changes, rats also showed goblet cell hyperplasia, 
rhinitis which regressed by 3 months post termination of exposure to formaldehyde. 
51 
 
A study demonstrated dose dependent response of rodents to formaldehyde exposure. 
It was shown that only mild hyperplasia was the result of single exposure of 0.5-2ppm 
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formaldehyde for 6 hour duration. Whereas severe inflammatory hyperplastic and metaplasic 
changes were demonstrated when the experimental animals were exposed to 14.3ppm 
formaldehyde for 6 months, 5 days/week, 6hours/day period. The result of this study proved 
that concentration of exposure determines the cellular level changes compared to the duration 
of exposure. 
52 
 
In contrast to all these multiple animal studies that repeatedly proved cytotoxic, cyto 
proliferative and carcinogenic potential of formaldehyde, human studies were limited. 
 
The respiratory surface epithelium has a protective mucus layer given by the muco 
ciliary action of the cells that reacts rapidly by secretion and binding of albumin present in 
the mucus under normal conditions. With formaldehyde exposure this normal mucociliary 
function was found to be inhibited not only in rodents but in humans also. A 4-5 hour 
exposure to 0.3 ppm was shown to cause this inhibition of mucocilia in humans. 
53, 54,55,56,57 
 
Few studies had shown a dose dependent reversible nasal mucosal changes like 
rhinitis, epithelial dysplasia and squamous metaplasia.
48, 58
  
 
These were suggested to be precancerous lesions. In situations of industrial exposure 
to formaldehyde increased incidence of buccal and pharyngeal carcinomas were documented. 
59
 
A human occupational post exposure study done by nasal biopsy of anterior edge of 
inferior turbinate showed 25 % having swollen and dry nasal mucosal cells when classified 
according to Torjussen et al system. 
60, 61 
 
Loss of cilia, goblet cells hyperplasia, squamous metaplasia, and mild dysplasia in 
varying proportions were noted in those affected proportion of the people studied. The study 
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concluded the range of formaldehyde between 0.1 -1.1 mg/m3 could result in premalignant 
changes in nasal mucosa compared to normal people.
42 
 
A study done on students exposed to formaldehyde the authors found squamous 
metaplasia ,micronuclei, hyperplasia and dysplasia in 8,15,4,2 respectively compared to only 
3 squamous metaplasia in control group. They found that these changes were prominent in 
post graduates who have more duration of exposure than other students. They inferred that 
these changes resulted in inhibition of mucociliary action of nasal mucosa which could be the 
reason for the occurrence of chronic rhinitis and sinusitis in these students. 
62 
 
Studies have reported patches of metaplasia in the epithelium, with a transition from 
the usual ciliated columnar epithelium to non-keratinized or keratinized squamous epithelium 
in atrophic conditions of the nasal mucosa irrespective of the etiology. These changes were 
reported to occur well prior to onset of clinical symptoms of atrophy. 
63,64,65,66 
 
Presence of higher percentage of squamous cells compared to ciliated and goblet cells 
was reported in nasal cytology of patients with chronic rhinitis and atrophic rhinitis. This 
squamous transformation of nasal mucosa had been explained as a result of damage to normal 
mucosal by inflammation, impact of toxic substances and irritants.
67 
 
In a study conducted among plywood factory workers exposed to formaldehyde, the 
nasal mucosa.  Samples were collected using an endocervical cytology brush .Staining was 
done with Feulgen plus Fast Green, papanicolau’s stain for micronucleus and cytological 
study respectively. Compared to the control groups the exposed group had a higher frequency 
of micro nucleated cells. Cytological examination revealed a high frequency of squamous 
metaplasia among the exposed group with a mean value of 2.3±0.5. 
68
 
 
                                                   
10 
 
REVIEW OF LITERATURE REGARDING THE EFFECT OF FORMALDEHYDE 
ON HEMATOPOIETIC SYSTEM 
 
A case report documented pancytopenia as a prominent effect of indoor formaldehyde 
exposure for over 3month period in a women following moving to a newly painted house. 
69
 
Few studies showed differing effect on lymphocyte cells. Exposure to formaldehyde was 
shown to increase B cells while decreasing total T cells and T helper cells. T suppressor cells 
count was found unchanged. 
70, 71 
 
Multitude of studies done in Chinese industrial workers investigating the hematotoxic 
effect of formaldehyde demonstrated decrease in white blood cell count that was proportional 
to increase in length of exposure to formaldehyde. 
72,73,74,75,76  
The collective inference from 
all the above studies was that correlation between increasing formaldehyde concentration to 
decreasing white blood cell count stands as best indicator of exposure. 
 
In contrast to the above studies, a couple of studies also proved that there exist no 
relation between formaldehyde exposure and white cell count. 
5, 77 
 
REVIEW OF   LITERATURE WITH RESPECT TO CYTOGENETIC EFFECT OF 
FORMALDEHYDE 
In 19
th
 century Howell and Jolly identified small inclusion bodies in blood of cats and 
rats. Those were named as Howel Jolly bodies.
78 
These bodies were also seen in peripheral 
blood of severe anemia patients with vitamin B12 and folate deficiency.
79 
Later called as 
Micronuclei (MNi) which are being used to measure cytogenetic damage in different cells.  
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The formation of these micronuclei was attributed to  
● Loss of acentric fragments during mitosis 
● End result of breakage of chromosomes and its exchange 
● Loss of entire chromosome during mitosis 
● Nuclear fragmentation following apootosis 
 
The size, shape of different cells and mechanical properties of chromosomes 
determine the micronuclei formation in different cells in different manner. 
80 
 
 Micronuclei was visualized by examining a classical metaphase spread of 
chromosomes of peripheral lymphocytes, epithelial cells, erythrocytes and fibroblasts. If 
visualized, micronuclei indicates breakage and loss of chromosomal material. Visualisation 
of micronuclei has been considered to be biomarker of geno toxicity. A reliable way to 
identify and measure them would be cytokinesis block micronucleus assay. This method has 
the advantage of scoring large number of cells using metaphase spread. Nucleoplasmic 
bridges (NPBs) and nuclear buds (NBUDs), are also considered as biomarkers of genotoxic 
events and chromosomal instability.
 81 
 
A reliable method for MNi scoring in cells that has divided only once happens to be 
the Cytokinesis block technique. Studies had demonstrated whole chromosome in MNi with 
kinetochore labelling or centromere in situ hybridization. So, detecting kinetochores and 
centromeres in micronuclei might be useful in categorizing potentially genotoxic agents such 
as aneugenic and clastogeneic agents and to identify the mechanism by which the 
micronuclei were induced by them. Aneugens acts by increasing chromosome missegregated, 
whereas Clastogens acts by chromosome breaks leading to forming micronuclei. 
82 
(FIG: 1)  
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Cells with supernumerary centrosomes missegregated their chromosomes through the 
assembly of multipolar spindles.  More than 100years back, it was found out that this 
abnormality in chromosome resulted in carcinomatous changes. 
83 
 
FIG: 1 Aneugenic and Clastogenic action resulting in micronuclei formation 
 
Micronucleus originates from   acentric chromosome fragments. During mitosis, at 
the end of telophase, the acentric chromatid fragments or whole chromosomes, fail to be 
included in the daughter nuclei. This occurs due to improper spindle attachment during 
segregation process in anaphase. These displaced chromosomes or chromosome fragments 
ultimately get enclosed by a nuclear membrane. By conventional nuclear staining, these 
appear morphologically similar to nuclei except for their small.
77
 (FIG: 2)  
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FIG: 2 Formation of Micronuclei and Nucleoplasmic bridges under Cytochalasin and 
cytokinesis –Block 
 
 Disrepair of DNA, double stand breaks results in symmetrical and asymmetrical 
chromatid exchanges and also fragmentation. Defective genes like BRCA1 and BRAC2 
results in error free homologous recombination DNA repair pathway to dysfunction. 
misrepair of DNA damage finally causes micronuclei formation.
77
 (FIG:3) 
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FIG: 3 Dysfunctional misrepair causing Micronuclei formation 
 
The formation of MNi in lymphocytes was documented either from acenteric 
chromosome fragments or whole chromosome loss events at a ratio ranging from 30% to 
70%. Increasing age was said to increase the MNi and especially in females compared to 
males. 
84 
Hypo methylation of cytosine in centromeric and pericentromeric repeat sequences 
was shown to be the mechanism of MNi formation in lymphocytes. This hypo methylation 
was shown to lead to elongation, Mal segregation and inappropriate kinetochore assembly of 
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chromosome resulting in genetic material loss as MNi. Kinetochore protein assembly that 
gets affected by methylation status determines the attachment of chromosome with the 
spindle. Any defect in the formation of kinetochore and its interaction led to micronucleus 
formation. 
85,86,87,88,89,90,91 
 
A study had established that direct proportionality of frequency of MNi with the 
number of dividing cells or number of division a cell had undergone.
92 
Previously in certain 
studies micronuclei were used as a tool for studying the organization and function of 
chromosomes in interphase nuclei.
93, 94  
 
To obtain micronuclei cells were treated with colchicine, an aneugenic agent that 
interferes with the aggregation of the mitotic spindle and induces abnormal chromosome 
segregation. During telophase the chromosomes scattered in the cytoplasm were 
independently surrounded by the nuclear envelope. And thus multi micro nucleated cells are 
formed. (FIG: 4) 
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FIG: 4 Transcription capacity of Micronuclei 
  
 Micronucleus frequencies were observed in peripheral blood lymphocytes among 
Serbian human population exposed to pesticides. The mechanism of cell injury by toxic 
agents that results in MNi formation was elucidated. The various possible fates of the 
cultured cytokinesis-blocked cells following exposure to those cytotoxic/genotoxic agents 
were also explained. 
95, 96 
( FIG:5) 
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FIG: 5 Fate of cell following toxic injury 
 
 For the past 17years, Cytokinesis block micronuclear assay (CBMN) has become a 
comprehensive method for measuring chromosomal loss, DNA misrepair, nondisjunction, 
necrosis, apoptosis and cytostasis. 
97, 98, 99 
 
 This method is now being used to measure NPBs, NBUDs also. NPBs- are 
Nucleoplasmic bridges which are biomarkers of dicentric chromosomes which are caused by 
telomere end –fusions or DNA misrepair. NBUDs-nuclear buds are biomarkers of elimination 
of amplified DNA or DNA repair complexes. 
100,101,102,103 
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 A study had put forth the concept called “Cytome” where in every cell examined need 
to be scored. If apoptosis and necrosis were seen they were scored negative. Mono nucleated, 
Binucleated, Multinucleated cells points to MNi formation. Occurrence of nucleoplasmic 
bridges (NPB), NBUDs also points to damage or instability of chromosomes. And so the 
study demarcated the technique as cytokinesis MN cyto assay (CBMN Cyt).
104 
 
The various types of cells that may be observed in in vitro cytokinesis block 
micronucleus assay excluding binucleated cells should not be scored for MNi frequency. 
(FIG: 6) 
 
a. Viable mono,-tri and quadrinuclear cells.  
b. Mono and binucleated cells at early stage of apoptosis when chromatin condensation 
has occurred but nuclear membrane has not disintegrated and late stage apoptotic cells 
with intact cytoplasm, no nucleus and apoptotic chromatin bodies within the 
cytoplasm 
c. Cells at various stage of necrosis including early stages showing, vacuolization, 
disintegration of cytoplasmic membrane and loss of cytoplasm with an intact nucleus 
and late stages in which cytoplasm is partial or completely lost and nuclear membrane 
is visibly damaged and nuclear material is commencing to leak from the remnant 
nucleus.
 97 
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FIG: 6 Non dividing cells in cytokinetic assay 
 
A study of micronucleus in buccal and nasal mucosal cells by fluorescence in situ 
hybridization (FISH) with a centromeric probe upon students exposed to formalin in form of 
embalming fluid showed increase in total micro nuclei frequency from 0.6 /1000 to 
2/1000,2/1000to 2.5 /1000 in buccal and nasal mucosa respectively. The study concluded that 
the increase in frequency was due to chromosomal breakage by clastogenic properties of 
formaldehyde which happens to be the main component of embalming fluid. 
105 
 
 Mean frequency of occurrence of MNi in formaldehyde exposed factory workers, 
anatomy and pathology factory workers being 1.76±2.07 and 3.70±3.86 respectively. The 
higher frequency was explained by peak contact and the duration of exposure in anatomy and 
pathology departments. A Mean exposure duration of 14.5 years was reported to cause these 
changes in buccal cells and lymphocytes. It has also been shown that age influences the 
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formation of micronuclei positively because with increasing age chromosomal instability and 
DNA repair decreases. 
106,107,108 
 
 Previous studies relating gender to micro nuclear occurrence frequency stands 
controversial with few supporting and opposing the influence. 
107,108,109
 Women were reported 
to show increased frequency of 1.5 times compared to men.
107, 109
The reason put forth was 
due to aneugenic changes happening in X chromosome or over presentation of this 
chromosome. 
110
 
 A sensible alteration to micronuclei scoring had been put forth by a study which 
claimed that scoring for MNi only in Binucleate cells was highly restrictive and inaccurate. 
The reason cited by the study was that the DNA damage encountered by the non-dividing 
cells like mono nucleated, apoptotic and necrotic cells were not accounted for in the 
cytokinetic  micronuclear assay. The study proposed a modified MNi assay scoring which 
took MNi in mononucleated cells,apoptotic and necrotic cells. 
111
 (FIG: 7) 
 
FIG: 7 Micronuclei expression in CBMN assay showing fate of non-dividing cells 
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During cell replication when a chromosome duplicates its genetic material, sister 
chromatid exchanges takes place resulting in a pair of chromosomes called as sister 
chromatids which are attached at the centromere. Sister chromatids can exchange identical 
segments of DNA without alteration of cell viability and function.  SCE analysis has been 
used widely as a reliable method to assess the mutagenic potential of the chemicals.  SCE are 
considered to be biomarkers of DNA lesions in persons exposed to chemical carcinogens. An 
increase in frequency of SCE indicates that the cells have been exposed to mutagenic 
substances.  
 
There are many physical and biological agents like viruses, ionizing radiation, 
clastogens and mutagens that can lead to SCE formation. Mostly chemicals which cause 
interference in DNA repair and single strand breaks in DNA results in SCE formation.  In 
comparison with chromosome breakage SCE is a very sensitive indicator of DNA damage 
.SCE occur when certain DNA lesions occur during cell division. So SCE can be observed in 
sampled cells only if they are stimulated to divide in culture.   SCE can be persistently 
detectable depending on the rate of DNA repair and on the half-life of the affected cells. 
112 
 
Among the cellular organelles present inside each cell, the chromosomes are heritable 
and hence they stand unique for each species. The word chromosome is derived from a Greek 
word, chroma meaning colour and soma meaning body. This is because chromosome has the 
special characteristic of staining with certain special dyes. 
113 
 
The shape of chromosomes appears similar to worms at the time of cell division ,this 
appearance makes it easier to be observed under microscope.
114 
The  nuclei of eukaryotic cell 
contains a histone protein around  which the chromosome keeps the DNA tightly bound. 
During cell division the DNA replicates and the chromosomes are equally distributed among 
the newly formed cells. Within a single genome, the length of the chromosomes varies 
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considerably. Among the chromosomes, chromosome 1 is the biggest and chromosome 21 is 
the smallest. 
115 
 
Most of the human cells contains a complete diploid set of 46 chromosomes divided 
into 23 pairs, expect mature gametes, oocytes and spermatozoa, they have haploid sets of 
chromosomes. We humans have 23 pairs of chromosomes, among them 1 pair is sex 
chromosomes and the reaming 22 pairs are autosomes they are homologous and appears 
morphologically similar. 
116 
Sex chromosomes are present in females as XX and in males as 
XY. 
In typical metaphase chromosome there are two arms which are separated by a 
primary constriction and may also contain a secondary constriction near the end. The 
constrictions correspond to the location of centromere. This centromere is responsible for the 
normal movement of the chromosomes with respect to the spindles. When the centromere is 
absent the chromosome is called as accentric fragment.
97
A typical metacentric chromosome 
could be identified based on the length of the chromosomes and the position of the 
centromeres. 
 
Metacentric - Chromosome containing centromere in the middle. 
Telocentric  – Chromosome in which the centromere is present at the end.  
Acrocentric – Chromosomes in which both the arms are unequal and the centromere  
   is located nearer to one end of the chromosome. 
117,118 
 
 The origin of the field of cytogenetics dates back to 1956. Cytogenetics refers to the 
analysis of the structure and number of the chromosome within the human species. 
Karyotyping is pairing and ordering of chromosomes, by which clinical geneticists can detect 
gross genetic changes and the numerical chromosomal changes .A routine cytogenetic 
                                                   
23 
 
analysis involves the evaluation of atleast 15-20 cells. Karyotyping is done based on size, 
position of centromeres, banding pattern of chromosome.
 97 
 
 
Alteration in genetic materials can occur due to loss, gain or rearrangement of 
particular segments of chromosome which ultimately results in chromosomal abnormalities.  
 
There are 2 types of chromosomal aberrations 
 
 1. Numeric chromosomal aberration (NCA) 
 2. Structural chromosomal aberration (SCA) 
 
Numerical chromosomal aberration 
Increase or decrease in number of chromosomes results in this aberration. It occurs in 
two conditions 
 1. Euploidy 
 2. Aneuploidy 
 In Euploidy a cell, tissue or organism has altered chromosomal number which is 
occurring due to an addition of one or more complete sets of chromosomes. Euploidy occurs 
more frequently in plants than in animals. 
 
 
Types of euploidy 
 1. Monoploidy-contains one set of chromosome 
 2. Haploidy-contains half the number of chromosome 
 3. Polyploidy-multiple copies of chromosomal set are present 
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Aneuploidy 
 In aneuploidy, there is abnormal number of chromosomes either in autosomes or the 
sex chromosomes. 
 
Types of aneuploidy 
 1. Nullisomy-there is lack of one pair of chromosome than the normal. 
 2. Monosomy-contains one less chromosome than the normal. 
 3. Trisomy-contains one extra chromosomes than the normal 
 4. Tetrasomy-contains one pair of extra chromosome 
 
 
Structural chromosomal aberration 
 Changes in the parts of chromosomes results in structural chromosomal abnormality. 
There is rearrangement of chromosomal segments caused by either gain, loss, or reallocation. 
 
 
2. Structural chromosomal aberration 
Changes in the parts of chromosomes results in structural chromosomal abnormality. 
There is rearrangement of chromosomal segments caused by either gain, loss, or reallocation. 
Major types of structural chromosomal aberration (CA) 
 
1. Inversion 
2. Translocation 
3. Deletion 
4. Duplication 
5. Ring chromosome 
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Inversion: In this, a segment of chromosome is inverted around 180 degrees and reallocated 
into the same chromosome. Based on the location of centromeres, inversion is classified as 
different types. 
 
 
Paracentric-In this the chromosomal segment does not include in centromere. Only the 
segment is turned 180 degrees and inserted again in the original position of chromosome. 
Pericentric inversion- It mostly includes the centromere and a break point in each arm. 
 
Acentric inversion–Within the inversion loop of a paracentric inversion, there is crossing 
over.as a result, there is homologus centromere in a dicentric bridge simultaneously 
producing an acentric fragment (Acentric fragment which has no centromere). 
 
Translocation (FIG: 8) 
Chromosomal rearrangements caused when two non-homologous chromosomes exchange 
their parts are termed as translocation. 
Types of chromosomal translocation 
 
Non reciprocal translocation- In this type there is transfer of a segment in one direction 
from one chromosome to another. 
 
 
Reciprocal translocation   
 The exchange of segments between two non-homologous chromosomes is reciprocal 
translocation. This establishes a new linkage relation. These translocation can be detected by 
prenatal diagnosis. 
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Robertsonian translocation 
 This is a unique pattern of translocation involving two acrocentric chromosomes. This 
is also called centric fusion type. 
 
 
 
FIG:  8 Reciprocal translocation 
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Deletion 
 It is loss of a segment in a chromosome resulting in various genetic syndromes like 
Jacobsen syndrome, Angelman syndrome. 
 
Duplication 
 When a segment of chromosome occurs in two or more copies per genome ,it is called 
duplication. 
 
 
Ring chromosome 
 Genetic damage caused by mutagens or spontaneous mutation results in fusion of 
arms of chromosome to form ring. 
 
Previous literature reported that during each cell division around five thousand DNA 
single strand breaks (SSBs) are formed per nucleus by oxidants .In this about one percent of 
total SSBs were converted into double strand breaks (DSBs).
119, 120  
 
When DNA DSBs were left unrepaired or misrepaired, it leads to genomic instability 
which results in chromosomal alterations or cell death. 
102,103 102,103 
(FIG: 9) 
 
Chemicals like Titanium dioxide, Single-walled carbon nanotubes were found to 
cause DNA damage by interfering in DNA replication leading to genotoxicity in human 
lymphocytes. 
121,122
 
                                                   
28 
 
 
FIG: 9 Mechanism of Cytogenetic damage by Toxic material 
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METHODOLOGY 
 
Study Design  : Cross sectional analytical study. 
Study Period  : 2 years. 
Sample Size  : 29  
 
Inclusion criteria:  
● Anatomy department dissection hall attenders, teaching faculty from different 
institutions.  
● The exposure duration was taken as chronic if its >1year with > 30 minutes of 
formalin exposure of high concentration.
 12,13 
 
Exclusion Criteria: 
● Persons with formalin exposure who have undergone chemotherapy, radiotherapy. 
● Those had history of previous occupation with exposure to ionizing radiation. 
● Those who have <1year duration and /or < 30 minutes of formalin exposure. 
 
Study Procedure:  
 After Institutional ethical clearance the study was undertaken with a detailed informed 
consent from the participants in written format. 
 
 After taking a detailed history from the participants who were willing to take part in 
this study, they were categorized into three groups as follows depending on the number years 
of exposure. 
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Duration in years Group  
≤5 years I 
6-9 years II 
≥10 years  III 
 
FOR CYTOLOGICAL EXAMINATION: 
Nasal mucosal samples were collected after getting informed consent. 
 
Pre-preparation of patient:  
● Washing nose with normal water to just moisten the mucosa prior to sample 
collection. 
 
Procedure of sample collection: 
● Nasal cavity was exposed and properly illuminated by use of nasal speculum. 
● Cytology brush was used to collect nasal epithelial cells from the mid part of inferior 
turbinate by translational and rotational movement. 
● Ample care taken not to accidentally brush of squamous cells normally present in 
nasal vestibule region  
 
Procedure of cytology smear slide preparation: 
124 
● After removal, the cells were transferred to a slide immediately and air dried. 
● The cells were then fixed in 3:1 methanol: glacial acetic acid solution 
● After fixation, 5 to 6 drops of MayGrunwald stain was added to the slide 
● Equal amount of distilled water were added and the slide was left for 5 minutes 
undisturbed. 
● By gentle dropping of distilled water using a pipette the slide was washed. 
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● 10% Giemsa solution was prepared .Slides were immersed in giemsa solution for 8 to 
10 minutes, followed by another wash with water. 
● Slides were then dried by using filter paper and mounted with DPX solution. Slides 
were examined under light microscope.  
● Ten clear field per slide were taken and visualized under 100x magnification. 
 
Cytology scoring:  
Cytology slide selection Prerequisite criteria: 
● The cytology was studied only when the cells exhibited no overlapping or minimal 
overlapping. 
● Intact cytoplasm and flat cell position of the cells on the slide.  
● Nucleus should be intact. Perimeter of the nucleus should be smooth and distinct 
● There should be no debris, and /or only minimal debris were considered. 
 
Grading scale of nasal cytology (Semi quantitative) 
125,126 
● Normal (+1)   - 10cells /hpf 
● Mild(2+)  -  10-30cells/hpf or small clumps 
● Moderate (3+)  - numerous cells or large clumps not covering the entire    
microscopic field 
● Marked (4+)  - numerous cells or large clumps covering the entire 
microscopic field. 
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Cell type to be visualized in nasal cytology: 
Ciliated columnar cell   Normal nasal mucosal cell 
Goblet cell    Normal Nasal mucosal cell 
Squamous cells   Metaplastic cells 
Eosinophil cells   Allergic/Inflammatory cells 
Mast cells    Allergic /inflammatory cells 
Neutrophil cells   Inflammatory /Infective cells 
 
Criteria for identifying Micronucleus (MNi) 
104 
● Perimeter should be smooth like a membrane. 
● Diameter should be less than a third of the associated nucleus, but it should be quite 
larger enough to discern shape and colour. 
● Colour should be pink in bright field illumination. 
● The staining intensity should be similar to that of the nucleus. 
● Texture should be similar to that of nucleus. 
● The focal plane should be same as nucleus. 
● There should be no bridge or overlap with the nucleus. 
 
FOR HEMATOLOGICAL EXAMINATION: 
 After getting informed consent, Venipuncture was done in the medial cubital vein. 
5%ml of heparinized blood was collected and subjected to complete blood count performed 
using auto analyzer.  
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FOR CYTOGENETIC EXAMINATION: 
Peripheral Blood Lymphocyte study: The cytokinesis block micronucleus assay. 
After getting an informed consent,  
1. 5 ml of heparinized blood sample was collected by venipuncture.   
2. Sample should be processed within 24 hours to prevent cell lysis.    
3. Sample is transported to genetic laboratory in a cold box maintaining around 22 
degrees.    
4. Blood is diluted in a ratio of 1:1 with lymphocyte separating medium (LSM).  
5. The sample is then spun in a centrifuge at 400*g for 25 to 40 minutes at 22 degrees 
after carefully balancing the tubes.  
6. The lymphocytes were collected and the erythrocytes were removed by lysing with 
1% RBC lysis buffer. 
7. Lymphocytes culture was set up using culture media 10 ml of RPMI  1640 culture 
medium  supplemented with 10%  fetal bovine serum, penicillin / streptomycin at a 
final concentration of 2 microgram/ml .  
8. After 24 hours of incubation in 37 degrees, cytochalasin is added in a final 
concentration of 3 microgram/ml to the cultures  
9. Again incubated for 66 hours.  
10. Then the cells are   harvested, hypotonic treatment done with 1 part of RPMI 1640 
medium and 1 part distilled water at 37 degrees for 2 minutes.  
11. And then fixed with 3:1 methanol: glacial acetic acid.   
12. 4 to 5 drops of MayGrunwald stain is added to the slides, along with it equal amount 
of distilled water is added, and left undisturbed for 8minutes. 
13. And then slide is washed gently with distilled water dropped, drop by drop with a 
pipette.  
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14. Finally slides are dropped into a jar containing 10% Giemsa stain and left for 5 
minutes. After staining, the slides are air dried and coverslips placed over the cells 
using DPX mounting medium.  
15. Slides were best examined at 100x magnification using light microscope.   
16. Slides should be coded before analysis and examined by two different observers. 
 
Criteria for selecting Mono & binucleate cells which can be scored for micronucleus 
frequency 
111 
 
The cytokinesis –blocked cells that may be scored for micronucleus frequency should 
have the following characteristics; (FIG: 10, 11) 
1. Cells should be binucleated.  
2. In the binucleated cells, the two nuclei should have intact nuclear membranes and 
located within the same cytoplasmic boundary.  
3. The two nuclei of the binucleated cells should be approximately equal in size, and 
also equal in staining pattern and staining intensity. 
4. There may be fine nucleoplasmic bridge attaching the two nuclei in the Binucleated 
cells, but it should not be wider than 1/4
th
 of the nuclear diameter. 
5. The two main nuclei in the binucleate cells may touch each other but it should not 
overlap.  
6. A cell with two overlapping nuclei can be scored only if the nuclear boundaries of 
each nucleus are distinguishable. 
7. The cytoplasmic boundary of a single Binucleate cell should be separate and well 
distinguishable from the cytoplasmic boundary of the adjacent cells. 
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FIG: 10 Pattern of binucleated cells 
 
a. Ideal Binucleate cell 
b. Binucleate cell with touching nuclei 
c. Binucleate with narrow nucloeplasmic bridge 
d. Binucleate with wide nucleoplasmic bridge 
8. The cells that could be scored for micronucleus frequency include mono and 
binucleate cells and also cells that are apoptotic and necrotic. 
 
FIG: 11 Binucleate Lymphocyte cell 
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Criteria for scoring MNi 
MNi are morphologically similar but a bit smaller in size than nuclei. They have the 
following characteristic features. (FIG: 12) 
1. In human lymphocytes the diameter of micronuclei varies between 1/16th and 1/3rd of 
the mean diameter of the main nucleus. This corresponds to 1/256
th
 ad 1/9
th
 of the 
area of one of the main nuclei in a binucleated cell. 
2. Micronuclei are non-refractile and hence they can be easily distinguished from 
artefact such as staining particles. 
3. There should not be any link or connection between micronuclei and the main nuclei. 
4. Micronuclei can touch but should not overlap the main nuclei. Both the micronuclei 
and the main nuclei should have separate boundaries.    
5. The staining intensity of the micronuclei is usually similar to that of the main nuclei 
but at times it can also be more intense than the main nuclei. 
 
 
FIG: 12 Micronuclei (MN) seen in lymphocyte 
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Criteria for scoring nucleoplasmic bridges (NPB) (FIG: 13) 
1. The width of the nucleoplasmic bridge should not exceed 1/4th   diameter of the nuclei 
within the cell.  
2. The staining characteristics of the nucleoplasmic bridges should be similar to that of 
the main nuclei.  
3. When a Binucleated cell has nucleoplasmic bridges it usually contains one or more 
micronuclei. 
 
FIG: 13 Nucleoplasmic bridge seen in lymphocyte 
 
Criteria   for scoring apoptotic and necrotic cells 
 Apoptotic and necrotic cells should be included for a clear description of mechanism 
of action assessment of cellular sensitivity to a chemical. Use of cytochalasin makes the 
scoring of apoptotic cells easier, because it prevents the disintegration of the apoptotic 
cells into apoptotic bodies. The assembly of microfilaments which is needed for the 
formation of apoptotic bodies is inhibited by cytochalasin. 
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Recommended criteria’s for scoring apoptotic and necrotic cells (FIG: 14,15) 
1. Cells with chromatin condensation with intact cytoplasmic and nuclear boundaries. 
2. Cells showing nuclear fragmentation into smaller nuclear bodies within an intact 
cytoplasm. 
3. Cells showing pale cytoplasm with numerous vacuoles and damaged cytoplasmic 
membrane. 
4. Cells showing loss of cytoplasm, with damaged or irregular nuclear membrane are 
classified as necrotic cells.  
 
FIG: 14 Necrotic cell 
 
FIG: 15 Apoptotic Cell 
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Procedure for chromosomal aberration study 
127 
After getting an informed consent, 2ml of heparinized blood sample was collected by 
venepuncture. Blood was transported in a cold box maintaining around 22 degrees, to the 
genetic laboratory. Whole blood was diluted with lymphocyte separating medium (LSM) 
in a ratio of 1:1. After carefully balancing the tubes, the diluted whole blood was spun in 
a centrifuge in a speed of 400*g at 22 degrees. Lymphocytes were collected and the 
presence of erythrocytes was removed by lysing with 1% RBC lysis buffer. Lymphocytes 
culture was set up using culture media 10 ml of RPMI 1640 culture medium 
supplemented with 10% fetal bovine serum, penicillin/ streptomycin at a final 
concentration of 2 μg/ml. After 50 hours, 0.1 g/ml of colcemid was added to the cultures 
to block the cells in mitosis phase. Then after 52 hours cells were centrifuged (800-1000 
rpm) to remove the culture medium and lymphocytes were harvested. Then the cells were 
treated with hypotonic solution of KCL 0.75 ml at 37 degrees Celsius for 20 minutes. 
Cells are fixed with 3:1 methanol: glacial acetic acid. Slides were dried on hot plate at 56 
degree Celsius for 2 minutes. Three days later slides are stained using trypsin-giemsa 
technique for chromosomal aberration analysis. The slides were observed under 
microscope at 100 X and the images were analyzed using Image spectrum software. 
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RESULTS & OBSERVATION 
 
GENERAL OBSERVATION 
The study sample consist of 13 female and 16 male. The age distribution of the study 
sample ranged from 29 to 65 years. (Chart: 1) 
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Chart : 1 Age Distribution of the study sample
AGE
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Depending on the duration of exposure the study participants were classified into three 
groups (Chart: 2) 
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Chart: 2 Grouping of study subjects according to duration of 
formaldehyde exposure
GroupI GroupII GroupIII
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NASAL CYTOLOGY OBSERVATION: 
 
In the stained nasal cytology the following were visualized. 
 
Apart from normal ciliated columnar cells native to nasal mucosa, non-native cells 
like squamous cells, eosinophil, mast cells and neutrophils were seen. They were counted in 
10 high power fields per slide and tabulated. (Table: 3) (FIG: 10, 11, 12, 13, 14, 15, 16, and 
17) 
Grading semi quantitatively the squamous metaplasia showed Normal, Mild, 
Moderate and severe in 5, 12,12,0 subject respectively. No keratinization of squamous 
metaplasia seen. Eosinophil, Mast cells were observed in abundance. Whereas neutrophils 
were seen in paucity. (Table: 3) 
 
FIG 16 : Shows Squamous metaplasia of nasal mucosa 
FIG 17 : Shows sheet of squamous cells 
FIG 18 :  Shows few squamous cells in a high power field with well-defined  
  eosinophil, mast cell and neutrophil 
FIG 19 : Shows Mild squamous metaplasia of nasal mucosa with few goblet cells,  
  mast cells 
FIG 20 : Shows few columnar cells, Mast cells, eosinophil, neutrophils with Mild  
  squamous metaplasia 
FIG 21 : Shows increased Eosinophil with moderate squamous metaplasia  
FIG 22 : Shows mast cell with moderate squamous metaplasia 
FIG 22 : Shows moderate squamous metaplasia(S) with eosinophil (E), neutrophil  
  (N) and mast cells (M) 
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Table: 3 Tabulation of nasal mucosal cytology showing different non-native cells 
NASAL CYTOLOGY 
SQUAMOUS 
METAPLASIA 
OTHER FEATURES 
EOSINOPHILS MAST CELLS NEUTROPHILS 
3+ 6 2 2 
2+ 13 4 1 
3+ 7 3 2 
3+ 42 21 0 
3+ 38 34 0 
3+ 139 0 2 
2+ 45 4 0 
2+ 50 7 1 
2+ 4 0 2 
3+ 189 0 0 
3+ 55 44 0 
2+ 115 14 0 
2+ 179 2 0 
1+ 57 0 2 
3+ 37 157 0 
2+ 24 0 0 
2+ 25 5 0 
2+ 0 1 5 
3+ 95 7 2 
3+ 145 29 0 
2+ 35 0 2 
2+ 21 0 2 
3+ 0 3 0 
1+ 8 8 0 
1+ 0 17 0 
2+ 17 5 3 
1+ 56 3 0 
1+ 9 0 0 
3+ 45 12 0 
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FIG: 16 Shows squamous metaplasia(S) 
 
  
FIG: 17 shows a sheet of squamous cells 
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FIG : 18  Few squamous cells  (S)with neutrophil(N),eosinophil(E) and mast cell(M) 
 
    
FIG: 19 Shows Mild squamous metaplasia (S)with mast cells(M) and goblet cell 
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FIG: 20 Shows few columar cells Mast cells, eosinophils, neutrophils with Mild 
squamous metaplasia(S)     
 
FIG: 21 Shows increased Eosinophil (E) with moderate squamous metaplasia (S) 
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FIG: 22 shows mast cells with moderate squamous metaplasia 
 
FIG: 23  shows moderate squamous metaplasia(S) with eosinophil (E), neutrophil 
(N)and mast cells (M) 
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   The metaplastic transformation of the normal ciliated columnar cells to squamous 
cells with the exposure to nasal irritant formaldehyde was correlated with number of years of 
exposure. (Chart: 3)  
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Chart :3 Correlation between duration of exposure and extent of 
squamous metaplasia seen in nasal cytology   
Moderate Squamous Metaplasia Mild Squamous metaplasia Normal 
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This study shows that as the number of years of formaldehyde exposure increases, the 
grading of squamous metaplasia also shows gradual increase in intensity. Among 10 subjects 
with more than 10years of exposure moderate squamous metaplasia was found maximally. 
(Chart: 4) 
 
 
 
  
Chart: 4 Corelation between duration of exposure and grading of 
squamous metaplasia in subjects with >10years exposure
Mild Squamous metaplasia Moderate Squamous metaplasia
3
7
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Where as in the 5-9 years exposure group, mild grading of squamous metaplasia was 
seen in more number of subjects. (Chart: 3) But the study even found moderate squamous 
metaplasia of nasal mucosa among those who had less than 10 years of formaldehyde 
exposure.  
(Chart: 5) 
Apart from squamous metaplasia, the study observed abundance of eosinophil and 
mast cells in subjects who presented with moderate squamous metaplasia. (Chart: 6) 
 
 
 
Chart: 5 Incidence of Moderate squamous metaplasia in less than 
10 years exposure
6-9 years exposure less than 5 years exposure
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HEMATOLOGICAL OBSERVATION 
4/29 subjects exhibited pancytopenia. Among them two were male, two were female. The 
duration of exposure was seen to be 4, 8, 6, 12 years respectively for the above mentioned 4 
subjects. (Chart: 7) 
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Chart: 6  Correlation of eosinophilia and increased mast cell  with 
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CYTOGENETIC OBSERVATION 
In the lymphocytic smear of cytokine assay, seven DNA damage events were observed. They 
were  
1. Normal binucleated cells 
2. Binucleated cell with micronuclei 
3. Binucleated cell with nucleoplasmic bridge, 
4. Binucleated cell with bud 
5. Mononucleated cell with micronucleus 
6. Cell in necrosis 
7. Cell in apoptosis, and polynucleated cells. 
Under high power magnification, the slides showed various cells. The exact appearance 
of those different cells were tabulated. (Table: 4) 
The prominent findings in the study were observation of 
● Nucleoplasmic bridges (NPB) in 2 (FIG: 24A, B) out of 29 studied.  
● A combination of Mononucleated cells with micronuclei and Binucleated cells 
were observed in 2 slides. (FIG: 25 A, B)  
● Occurrence of Mononucleated cell with micronuclei, multiple Binucleated cells, 
necrotic cells and necleoplasmic bridge (NPB) was noted. (FIG: 26A, B)  
● Multiple Binucleated cells were observed in a single field (FIG: 27 A, B) 
● Binucleated cell along with apoptotic cells and necrotic cells were seen in many 
slides. (FIG: 28, 29, 30 A, B) 
● Only Necrotic and Apoptotic cells were predominantly seen in one slide. (FIG: 
31A, B) 
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Table: 4   Showing the different types of cells seen and their appearance in high power   
      magnification 
 
Type of cell 
 
Appearance  as observed in high power 
magnification 
 
Mononucleated cell with 
micronucleus (MN-MNi) 
  
Binucleated cell (BN) 
 
 
Binucleated cell with 
nucleoplasmic bridge (NPBs) 
 
Cell in necrosis (NC) 
 
 
Cell in polynucleated cell/ 
Apoptotic cell (AC) 
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A.  
 
 
B.  
FIG:24 A,B Low and High magnification showing Nucleoplasmic 
bridges(NPB),Necrotic cell(NC),Apoptotic cell (AC) 
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A.  
 
 B.  
FIG:25 A,B Low and High magnification showing Mononucleated cell with 
Micronuclei(MN-MNi), Binucleated(BN), Necrotic cell(NC) 
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A.  
 
B.  
 
FIG: 26 A ,B Low and High magnification showing Nucleoplasmic bridges 
(NPB),Mononucleated cell with Micronuclei(MN-MNi), Binucleated(BN), Necrotic 
cell(NC) 
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A.  
 
 
B.  
FIG: 27 A, B Low and High magnification showing multiple Binucleated cells 
(BN), Necrotic cells (NC) 
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A.  
 
B.  
 
FIG:28 A,B Low and High magnification showing Binucleated cell (BN),Necrotic 
cell(NC), Apoptotic cell (AC) 
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A.  
 
B.  
FIG:29 A,B Low and High magnification showing Binucleated cell (BN),Necrotic 
cell(NC), Apoptotic cell (AC) 
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A.  
 
B.  
 
FIG:30 A,B Low and High magnification showing Binucleated cell (BN),Necrotic 
cell(NC), Apoptotic cell (AC) 
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A.    
 
B.  
 
FIG:31 A,B Low and High magnification showing Necrotic cell(NC), Apoptotic 
cell (AC) 
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Table: 5 Cumulative Number of DNA damage events seen among 29 subjects 
 
DNA damage events Number of Events 
A. Normal binucleated cells 107 
B. Binucleated cell with micronuclei 0 
C. Binucleated cell with nucleoplasmic bridge 6 
D. Binucleated cell with bud 0 
E. Mononucleated cell with micronucleus 7 
F. Cell in necrosis 427 
G. Cell in apoptosis, and polynucleated cells. 291 
 
 Significant DNA damaging event in this study being observation of Nucleoplasmic 
bridges, Micronuclei in mononucleated cell, Apoptotic and necrotic cells.   
 
 On comparing the occurrence of significant DNA damaging events in those subjects 
with grading of nasal cytology showed positive correlation. (Table: 6)  
 
 Among the subjects who presented with DNA damaging events like Mono-MNi and 
NPB it was observed that males outnumbered females in the ratio of 3:1. The frequency of 
DNA damaging unit was also found to show an inclination with increase in age of the 
subjects involved. The duration of exposure was also found to correlate positively with 
severity of changes in nasal mucosal metaplasia and DNA damages. (Table: 6) 
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Table: 6 Comparison of age, gender, grading of Metaplasia of nasal mucosa with DNA 
damaging events 
Age Gender 
Duration of 
exposure 
Grading of 
metaplasia in nasal 
mucosa 
DNA damaging 
event 
52 Female 18 3+ 
Mono-MNi-6, 
AC- 12 
NC-10 
37 Male 12 3+ 
NPB-2 
AC-23 
NC-12 
32 Male 8 2+ 
NPB-2 
Mono-MNi-1 
AC-34 
NC-15 
30 Male 7 2+ 
NPB-2 
AC-5 
NC-32 
 
 Karyotypic analysis of metaphase spread showed no detectable major chromosome 
aberrations in this study.  (FIG:32,33,34)  
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FIG: 32 A-H Microscopic images showing the chromosomal structures at 100 X 
Magnification 
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FIG: 33 Cytogenetic report showing normal female chromosomes 
                                                   
66 
 
 
FIG: 34 Cytogenetic spread shows normal male chromosomes. 
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DISCUSSION 
 
Formaldehyde a ubiquitous chemical finding its use in construction, wood processing, 
furniture, textiles, carpeting and chemical industry.
128
 Moreover formaldehyde happens to be 
a natural byproduct of human metabolism. High dose exposure causes acute toxic features 
where as low dose prolonged exposure leads to chronic toxic effects in both animals and 
human beings. 
127 
 
Since olden days occupational exposure to formaldehyde had been considered to be 
the foremost source of formaldehyde exposure and its toxic effects. Different countries 
around the world has differing permissible limit for formaldehyde exposure based on time 
weighted averages rather than maximum acceptable concentration of exposure. 
127,129 
 
With exposure level documented exceeding 0.5mg/m3 caused by evaporation of 
formaldehyde from tissues and from preservation fluids, anatomy and pathology laboratories 
were considered to be in high risk category for formaldehyde toxicity. 
25 
 
With inhalation being the major mode of exposure in anatomy laboratories the nasal 
mucosa was first to be affected by the toxic effects of exposure. 
40, 41, 42 
 
The respiratory mucosa was the prime target in formaldehyde exposure injuries in 
animals.
43-46  
 
The toxic effects were mainly hyperplasia or metaplasia of respiratory cells and 
inflammatory, irritant rhinitis. No major cytotoxic or carcinogenic effects were found in 
animal studies.
50, 51, and 52 
 
In contrast, human exhibit formaldehyde exposure effects as loss of muco ciliary 
action, chronic rhinitis extending to atrophic changes, premalignant changes like dysplasia to 
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metaplasia.
42,48,58,62-66
 Mainly the nasal mucosa showed atrophic rhinitis pattern with 
squamous metaplasia post formaldehyde exposure.
67,68 
 
 
In concurrence with the reported literature findings this study also found increased 
eosinophil and mast cells in the nasal cytology smears.(FIG: 20,21,23,Chart:6) Squamous 
cells were noted in abundance and graded with the scoring criteria. (FIG:16,17, 18,19, 20,21, 
22,23)  
 
The grading of squamous metaplastic transformation was seen to be directly 
proportional to the number of years of exposure to formaldehyde. (Table: 3, Chart: 3, 4, 5) 
 
With this change of cellularity from normal ciliated columnar to squamous cells the 
usual function of the nasal mucosa gets affected drastically. The tenacity of mucus does 
entrap the inhaled carcinogens and toxins and the pliability of cilia removes the toxins from 
the body. With loss of columnar cells and cilia this action of nasal mucosa was hampered. 
This results in the toxin staying in contact with nasal cells for a prolonged duration which 
leads on to induction of dysplastic changes in the cells.
53-68 
 
The finding of 24 subjects showing mild to moderate degrees of squamous metaplasia 
in the present study with features of atrophic rhinitis was compared with previous 
reporting.(Chart:8)  
 
The higher percentage occurrence in the present study compared to previous studies 
out of which one is also an Indian study needs to be noted. This could be explained by the 
prolonged duration of exposure seen in this present study where all these 24 subjects had 
greater than 5 years of formaldehyde exposure. 
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Analyzing the hematopoietic effect of formaldehyde exposure upon humans, 
contrasting results were documented in literature with respect to occurrence of pancytopenia 
in peripheral blood cell counts upon exposure to formaldehyde over long periods.
5, 69-76 
 
With only 12% of the study sample showing pancytopenia the present study favors 
the result of those studies which found no correlation between decrease in blood cell counts 
and formaldehyde exposure.
5, 77
(Chart: 7) 
 
Previous studies found pancytopenia mainly in female predominantly. 
69-76
But the 
present study found no dominancy of any gender. The role of gender in determining the 
hematotoxity of formaldehyde might need further analysis with increased sample size.  
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Sherwani et al
Myszkowska et al
Present study
Chart: 8  Comparison of percentage of occurence of nasal 
squamous metaplasia in formaldehyde exposed person
Squamous metaplasia of nasal cytology
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Cytotoxic effects of exposure to formaldehyde was demonstrated by the use of 
biomarker Micronuclei (MNi). These MNi were claimed to be DNA fragment debris formed 
due to defective chromosomal separation during cell division. 
80, 81 
 
MNi scoring criteria stressed that binucleated MNi should only be taken into 
consideration while considering the cytotoxic effects of any toxic exposure. 
104 
But further 
studies on MNi by others pointed to the use of non-dividing MNi seen in mononucleated cells 
were also to be considered significant. 
111 
 
Apart from Mononucleated MNi, even apoptotic cells, necrotic cells were also added 
into the scoring protocol while analyzing the effect of Formaldehyde at DNA level.
111  
 
Taking all these criteria the present study found 0.24 mean MNi. In comparison with 
few of the previous studies this observation stands very limited. Yet the small sample size 
could be the reason for such a low incidence of MNi in spite of prolonged period of exposure 
to formaldehyde in the present study. (Chart: 9) 
 
 
  
0
0.5
1
1.5
2
2.5
3
3.5
4
Holland et al Viegas et al Viegas et al Present study
Chart :9 Comparison of Incidence of Mean MNi in 
formaldehyde exposed
Mean Mni incidence
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Even though studies pointed to the influence of female gender in the occurrence of 
MNi, the present study found that no such female preponderance. 
84,107 
(Table: 6)  
 
Dividing cells were considered to be prone for MNi formation. 
92 
But in the present 
study Non dividing cells were found to be presenting MNi. 
 
A mean duration of exposure of 14.5 years to formalin was reported to present with 
multiple DNA damaging events. Present study also found such positive relation with the 
duration of exposure.
106 
 
Studies have found out with increasing age the incidence of DNA damage also 
increases proportionately. 
106,108 
The present study also observed more DNA damaging events 
with increasing age. (Table: 6) 
 
Apart from MNi, the present study also observed Nucleoplasmic bridges (NPB) very 
prominently. All those observed NPB were of Male gender. The age of the subject who 
presented with NPB were early middle age (less than 40 years)  
 
A total of 718 Apoptotic and necrotic cells were also noted in this study cumulatively. 
As per the revised cytokinetic assay scoring criteria these apoptotic and necrotic cells were 
also considered to be end result of DNA manage where these cells have taken to these 
pathways instead of MNi formation.
111 
(Table: 5) 
 
No study is available to quantitative compare this particular finding of the present 
study. Yet this study wishes to stress the observation of these cells in considerable numbers in 
the formaldehyde exposed study subjects. 
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In spite of only few MNi noticed in the present study, chromosomal aberration 
karyotyping was done because this study considered the apoptotic and necrotic cells and NPB 
as DNA damaging events. 
 
The Karyotyping showed normal pattern only. The minor structural rearrangement 
abnormalities, microdeletions and minor mosaicism could not be made out by the image 
analysis used for analyzing the metaphase spread. So the present study takes it as negative for 
chromosomal aberrations.  
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CONCLUSION 
 
This study to find the cytological, hematological and cytogenetic effects of 
occupational formaldehyde exposure upon medical personnel found  
 
● Nasal cytology showing Mild to moderate squamous metaplasia in maximum 
subjects studied. 
● Also marked atrophic and rhinitic changes in form of eosinophilia and increased 
mast cells were noted. 
● All these changes to be associated with the duration of exposure. 
● Pancytopenia in only few subjects which was not gender dependent 
● MNi in mononucleated cells predominantly 
● Abundant apoptotic and necrotic cells  
● NPB also 
● That all these DNA damaging events to be associated with increase in age and 
duration of exposure in the subjects studied. 
● Also male preponderance in the occurrence of DNA damaging events 
 
The study wants to conclude that after relating the cytological, hematological and 
cytogenetic findings that formaldehyde exerts marked toxic influence upon nasal, blood cells 
and DNA. These influence can be reasoned out by the duration of exposure, age and gender 
of the individual affected in a patterned manner.  
 
As most of the subjects studied would be in exposure to formaldehyde occupationally 
in future also this study wants to highlight the need for steps to reduce further damage to 
these subjects. The possible ways that it could be done may be  
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● By way of reduced exposure time,  
● Reduced concentration of exposure, 
● Alternative tissue preservatives with less toxicity compared to formaldehyde 
 
The study wants the further procession of DNA damage and Possibility of Nasal 
mucosal cytology reversal by providing exposure free periods for the personnel working in 
anatomy and pathology laboratory. 
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LIMITATIONS 
● In place of Nasal mucosal cytology if nasal mucosal biopsy would have been done it 
would have given more information regarding cellular changes in the nasal mucosa. 
● In this study only total blood count was done as a hematological parameter. Instead it 
would have been more detailed if morphology and count of individual blood cells 
would have been done. 
● In cytokinetic assay still higher magnification would have provided more details. 
● In chromosomal study, although the standard methodology was utilized it could not 
detect small rearrangements, micro deletions and low level mosaicism if present. 
Molecular methods of chromosome analysis could have been used  
● The sample size of 29 has also been a limiting factor  
 
RECOMMENDATIONS 
The study could be furthered by measuring the prevailing formaldehyde concentration in 
anatomy dissection hall and laboratory and correlating with duration of exposure 
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SUMMARY 
 Formaldehyde, the common tissue preservative used in anatomy and pathology 
laboratories find its use in many chemical industries also. This chemical has been 
documented to cause acute irritating symptoms of eyes, nose and throat. Yet the effect of this 
chemical on the cellular level causing carcinogenesis remains questionable. And so this study 
was planned to observe the occupational exposure of formaldehyde upon nasal cytology, 
hematology and lymphocyte cytogenetic assay. 
 
 29 Personnel working in anatomy department, for varied period were taken up for this 
study. Their nasal mucosal cytology was obtained, smeared and stained. Peripheral blood 
taken and subjected to total blood count and cytokinetic assay followed by karyotyping. 
 
 The Nasal cytology showed mild to moderate squamous metaplasia, abundant 
eosinophil and mast cells in 24 subjects. Hematology showed pancytopenia in just 4 subjects. 
In cytokinetic assay Micronuclei were seen in 2 subjects. Nucleoplasmic brideges were found 
in 3 subjects. And varying numbers of numerous apoptotic and necrotic cells were seen in all 
29 studied. 
 
 The observed features were found to be related to duration of exposure to 
formaldehyde. Also it was found associated to the increasing age and gender.  
 
 The analysis of this study concludes that formaldehyde does affect nasal cytology 
profoundly, blood picture minimally and cytogenetic of cell maximally in proportion to 
duration of exposure and age. 
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S.no Age Gender 
No. Years 
of 
exposure 
Nasal cytology 
Pancytopenia 
MNi 
 
CA 
 
DNA damaging events 
Squamous 
Metaplasia 
other features 
Eosinophils 
Mast 
cells 
Neutrophils 
 
BN 
BN + 
MNi 
BN + 
NPB’S 
BN+N
BUD 
MN+MNi NC AC 
1 52 F 18 3+ 6 2 2 N Y N 2 0 0 0 6 10 12 
2 45 F 6 2+ 13 4 1 Y N N 7 0 0 0 0 12 4 
3 42 M 5 3+ 7 3 2 N N N 4 0 0 0 0 4 9 
4 45 M 8 3+ 42 21 0 N N N 4 0 0 0 0 5 12 
5 52 M 8 3+ 38 34 0 N N N 2 0 0 0 0 8 3 
6 55 M 8 3+ 139 0 2 N N N 3 0 0 0 0 13 9 
7 38 M 8 2+ 45 4 0 N N N 6 0 0 0 0 12 23 
8 42 M 8 2+ 50 7 1 N N N 2 0 0 0 0 13 4 
9 40 M 8 2+ 4 0 2 Y N N 2 0 0 0 0 48 19 
10 38 F 13 3+ 189 0 0 N N N 0 0 0 0 0 8 11 
11 37 F 12 3+ 55 44 0 Y N N 4 0 0 0 0 13 9 
12 65 F 35 2+ 115 14 0 N N N 3 0 0 0 O 8 20 
13 41 F 15 2+ 179 2 0 N N N 6 0 0 0 0 4 8 
14 35 F 3 1+ 57 0 2 N N N 2 0 0 0 0 3 2 
15 37 M 12 3+ 37 157 0 N N N 6 0 2 0 0 12 23 
16 29 M 2 2+ 24 0 0 N N N 12 0 0 0 0 8 11 
17 32 M 8 2+ 25 5 0 N Y N 4 0 2 0 1 15 34 
18 29 F 5 2+ 0 1 5 N N N 2 0 0 0 0 37 12 
19 38 M 10 3+ 95 7 2 N N N 3 0 0 0 0 30 11 
20 43 M 14 3+ 145 29 0 N N N 3 0 0 0 0 18 1 
21 30 M 7 2+ 35 0 2 N N N 4 0 2 0 0 32 5 
22 35 F 10 2+ 21 0 2 N N N 3 0 0 0 0 11 4 
23 29 M 14 3+ 0 3 0 N N N 5 0 0 0 0 18 12 
24 36 M 7 1+ 8 8 0 N N N 2 0 0 0 0 35 8 
25 43 F 7 1+ 0 17 0 N N N 1 0 0 0 0 22 3 
26 56 M 9 2+ 17 5 3 Y N N 4 0 0 0 0 15 11 
27 32 F 4 1+ 56 3 0 N N N 7 0 0 0 0 8 8 
28 34 F 8 1+ 9 0 0 N N N 3 0 0 0 0 3 2 
29 53 F 8 3+ 45 12 0 N N N 1 0 0 0 0 2 1 
 
M-Male, F-Female, N-NO, Y-YES,  1+-Normal cytology,2+-Mild Metaplasia,3+-Moderate Metaplasia,4+- Severe Metaplasia 
BN-binucleated cells, MN –Mononucleated, MNi-Micronuclei, NC-Necrotic cell, AC- Apoptotic cell,NPB-nucleoplasmic bridge, NUB-Nucleoplasmic bud,CA-Chromosomal abberrations 
 
